We have examined fetal thymic development in the trisomy 16 
INTRODUCTION
Human trisomy 21, or Down Syndrome (DS) , is known to affect the immune system, causing high rates of leukemia incidence (Fong and Brodeur, 1987) and increased susceptibility to infectious diseases (Fryers, 1986) . A variety of cellular defects has been reported in the DS immune system, including altered circulating antibody levels (Sassaman, 1982) , decreased natural cytotoxic activity (Montagna et al., 1988; Nair and Schwartz, 1989) , impaired T-cell responses (Montagna et al., 1988; Raziuddin and Elawad, 1990) , and altered expression of differentiation antigens (Larocca et al., 1988; Noble and Warren, 1988 ; Raziuddin and Elawad, 1990) . However, the developmental origin of these cellular alterations is not known.
Murine trisomy 16 (Ts16) has been proposed as an animal model for DS. The use of this particular trisomy is based on the fact that several genes from the region of human chromosome 21 most important in creating the DS phenotype (Sinet et al., 1976; Summitt, 1981; Artonarakis et al., 1989; Rahmani et al., 1989) Reeves et al., 1986) . These mice can be systematically produced by using a breeding scheme involving Robertsonian chromosome translocations (Gropp et al., 1975 (Gropp, 1982; Epstein, 1988) , leaving only trisomic and normal mice. Ts16 mice can survive until birth, but die within a few hours (Miyabara et al., 1982) .
The first observation to indicate that Ts16 affects the immune system was that the thymus is only about 20% of normal size throughout development (Epstein et al., 1985) . Herbst et al. (1982) examined the ability of fetal liver cells from mice carrying various trisomies to repopulate lethally irradiated animals. They found that, although some trisomies had no apparent effect on this stem-cell population, Ts16 caused significant reductions in repopulation. This suggests impaired development of Ts16 lymphocytes even before they reach the thymus or other adult lymphoid organs. Cox et al. (1984) (Epstein et al., 1985) have shown reductions in stem cell numbers as measured in various in vitro and in vivo assays. However, these differences were primarily observed on a per animal basis and could be attributable to the overall smaller size of the trisomic fetus. More recently, a flow cytometric study (Berger and Epstein, 1989) 
RESULTS

Difference in Growth of Normal and Ts16
Thymuses Consistent with previous reports (Epstein et al., 1985) , the Ts16 thymus contains fewer thymocytes than normal throughout development (Table 1) In normal mice, expression of Thy-1 (Table 2) To test this more directly, thymocytes were labeled with monoclonal antibody 536, which detects the V//3 T-cell receptor chain. As shown in Table 4 , the percentage of cells labeled with 536 is greater than or equal to that seen in the normal thymus throughout development. There is no indication of a delay in the onset of expression of this antigen, although the decline in this popu- It had already been established (Epstein et al., 1985) (Owen and Jenkinson, 1981 (Jenkinson et al., 1987; Skinner et al., 1987; Carding et al., 1989) , so it is possible that the problems seen in the Ts16 thymus are due partially to an insufficient number of cells to produce the required concentration of these factors. It is difficult to relate these results directly to the immune defects seen in Down Syndrome, as few studies of DS have looked at fetal tissue. The expression of some differentiation markers on the DS fetal thymus has been examined (Cossarizza et al., 1989) . No differences between normal and DS thymuses were seen, but only two cases of each type were examined and the variability between them was very high. Another study, which looked at thymocytes from a larger number of young children with DS (Larocca et al., 1988) (Fong and Brodeur, 1987 Gearhart et al., 1986) (Epstein et al., 1987) . These mice express increased levels of the enzyme, but appear grossly normal. However, they do display alterations in neuromuscular junctions of the tongue similar to those seen in DS (Avraham et al., 1988 (Hogan et al., 1986 To reconstitute thymuses, cultures were set up as before except that the culture medium contained 1.35 mM deoxyguanosine (dGuo), which kills lymphocytes while leaving the thymic stroma intact (Jenkinson et al., 1982 
